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I. INTRODUCTION
Nonleptonic two-body decays of B and D mesons have been conventionally studied in the generalized factorization approach in which the decay amplitudes are approximated by the factorized hadronic matrix elements multiplied by some universal, process-independent effective coefficients a eff i . Based on the generalized factorization assumption, one can catalog the decay processes into three classes. For class-I decays, the decay amplitudes, dominated by the color-allowed external W -emission, are proportional to a eff 1 O 1 fact where O 1 is a charged current-charged current 4-quark operator. For class-II decays, the decay amplitudes, governed by the color-suppressed internal W -emission, are described by a 4) are nonfactorizable terms originated from color signlet-singlet and octet-octet currents, respectively, (q 1 q 2 ) V −A ≡q 1 γ µ (1−γ 5 )q 2 , and (q 1 λ a q 2 ) V −A ≡q 1 λ a γ µ (1−γ 5 )q 2 . The µ dependence of the Wilson coefficients is assumed to be exactly compensated by that of χ i (µ) [4] . That is, the correct µ dependence of the matrix elements is restored by χ i (µ). In the second approach, it is postulated that the hadronic matrix element O(µ) is related to the tree-level one via the relation O(µ) = g(µ) O tree and that g(µ) is independent of the external hadron states.
Explicitly, Although naive factorization does not work in general, we still have a new factorization scheme in which the decay amplitude is expressed in terms of factorized hadronic matrix elements multiplied by the universal effective parameters a eff 1,2 provided that χ 1,2 are universal (i.e. process independent) in charm or bottom decays. Contrary to the naive one, the improved factorization scheme does incorporate nonfactorizable effects in a process independent form. For example, χ 1 = χ 2 = − 1 3 in the large-N c approximation of factorization.
Theoretically, it is clear from Eqs. (1.3) and (1.4) that a priori the nonfactorized terms χ i are not necessarily channel independent. In fact, phenomenological analyses of two-body decay data of D and B mesons indicate that while the generalized factorization hypothesis in general works reasonably well, the effective parameters a eff 1,2 do show some variation from channel to channel, especially for the weak decays of charmed mesons [1, 7] . However, in the energetic two-body B decays, χ i are expected to be process insensitive as supported by data [4] .
The purpose of the present paper is to provide an updated analysis of the effective coefficients a eff 1 and a eff 2 from various Cabibbo-allowed two-body decays of B mesons:
. It is known that the parameter |a and V BK * at q 2 = m 2 J/ψ . In order to accommodate the observed production ratio
by generalized factorization, a eff 2 should be process insensitive; that is, a eff 2 extracted from J/ψK and J/ψK * final states should be very similar. This puts a severe constraint on the form-factor models and only a few models can satisfactorily explain the production ratio R.
The rest of this paper is organized as follows. In Sec. II, we introduce the basic formula and the classification of the relevant decay modes which have been measured experimentally.
Sec. III briefly describes various form-factor models. The results and discussions for the effective parameters a eff 1 and a eff 2 are presented in Secs. IV and V, respectively. Finally, the conclusion is given in Sec. VI.
II. THE BASIC FRAMEWORK
Since, as we shall see below, the decays
s , J/ψK ( * ) receive penguin contributions, the relevant ∆B = 1 effective Hamiltonian for our purposes has the form
where
2)
with O 3 -O 6 being the QCD penguin operators and O 7 -O 10 the electroweak penguin operators.
To evaluate the decay amplitudes for the processes
J/ψK ( * ) , we first apply Eq. (1.5) to the effective Hamiltonian (2.1) so that the factorization approximation can be applied to the tree-level hadronic matrix elements. We also introduce the shorthand notation X (BF 1 ,F 2 ) to denote the factorized matrix element with the F 2 meson being factored out [6] , for instance,
The results are:
The decay amplitudes are given by
is the factorized W -exchange contribution.
• Class I:
where use of V tb V * ts ∼ = −V cb V * cs has been made and
Note that the decay
also receives a contribution from the Wannihilation diagram, which is quark-mixing-angle doubly suppressed, however.
• Class II:
The factorized decay amplitudes are given by
The factorized decay amplitudes are given by 
Explicitly, Numerically, the effectiveã i defined in Eqs. (2.6) and (2.10) are related to a i bỹ
To evaluate the hadronic matrix elements, we apply the following parametrization for decay constants and form factors [10] 0|A
1 Our numerical estimate for the penguin effects in B → D D s differs from [9] due to different choices of N eff c (LL), N eff c (LR) and running quark masses. 19) where 20) and P , V denote the pseudoscalar and vector mesons, respectively. The factorized terms in (2.4)-(2.12) then have the expressions:
where ε * is the polarization vector of the vector meson V .
With the factorized decay amplitudes given in Eqs. (2.4)-(2.12), the decay rates for B → P P, V P are given by
is the c.m. momentum of the decay particles. For simplicity, we consider a single factorizable
with
where m 1 (m 2 ) is the mass of the vector meson V 1 (V 2 ).
From Eqs. (2.4-2.11) we see that
contribution is negligible in B → D ( * ) (π, ρ) decays and that penguin corrections are taken into account. It is also clear that the ratio a 2 /a 1 can be determined from the ratios of charged to neutral branching fractions: 
III. MODEL CALCULATIONS OF FORM FACTORS
The analyses of a 2 , a 1 , and a 2 /a 1 depend strongly on the form factors chosen for calculations. In the following study, we will consider six distinct form-factor models: the Bauer-Stech-Wirbel (BSW) model [10, 11] , the modified BSW model (referred to as the NRSX model) [12] , the relativistic light-front (LF) quark model [13] , the Neubert-Stech (NS) model [4] , the QCD sum rule calculation by Yang [14] , and the light-cone sum rule (LCSR) analysis [15] .
Form factors in the BSW model are calculated at zero momentum transfer in terms of relativistic bound-state wave functions obtained in the relativistic harmonic oscillator potential model [10] . The form factors at other values of q 2 are obtained from that at q 2 = 0 via the pole dominance ansatz
where m pole is the appropriate pole mass. The BSW model assumes a monopole behavior (i.e. n = 1) for all the form factors. However, this is not consistent with heavy quark symmetry for heavy-to-heavy transition. In the heavy quark limit, the B → D and B → D * form factors are all related to a single Isgur-Wise function through the relations
Therefore, the form factors F 1 , V, A 0 , A 2 in the infinite quark mass limit have the same q 2 dependence and they differ from F 0 and A 1 by an additional pole factor. In general, the heavy-to-heavy form factors can be parametrized as
,
In the heavy quark limit m b → ∞, the two form factors F (q 2 ) and G(q 2 ), whose slopes are
, coincide with the Isgur-Wise function ξ(q 2 ), and r(q 2 ), r 1 (q 2 ) as well as r 2 (q 2 ) are equal to unity. The q 2 dependence of B → D ( * ) form factors in the NRSX and NS models is more complicated because perturbative hard gluon and nonperturbative 1/m Q corrections to each form factor are taken into consideration and moreover these corrections by themselves are also q 2 dependent (see [12] for more details).
Form factors for heavy-to-heavy and heavy-to-light transitions at time-like momentum transfer are explicitly calculated in the LF model. It is found in [13] that the form factors Table I ).
Due to the lack of analogous heavy quark symmetry, the calculation of heavy-to-light transitions is rather model dependent. In addition to the above-mentioned BSW and LF models, form factors for the B meson to a light meson are also considered in many other models. The NRSX model takes the BSW model results for the form factors at zero momentum transfer but makes a different ansatz for their q 2 dependence, namely a dipole behavior (i.e. n = 2) is assumed for the form factors F 1 , A 0 , A 2 , V , motivated by the heavy-quarksymmetry relations (3.2), and a monopole dependence for F 0 , A 1 . The heavy-to-light form factors in the NS model have the expressions [4] :
where 
The q 2 behavior of B-to-light form factors in the LCSR analysis of [15] are parametrized as
where the relevant fitted parameters a F and b F can be found in [15] .
Since only the form factors for B-to-light transition are evaluated in the Yang's sum rule analysis and the LCSR, we shall adopt the parametrization (3.3) for the B → D ( * ) form factors, in which the relevant parameters are chosen in such a way that B → D ( * ) transitions in the NS model are reproduced:
as a supplement to the Yang's [14] and LCSR [15] calculations. The theoretical prediction for r 1 and r 2 [16] is in good agreement with the CLEO measurement [17] : r 1 = 1.18 ± 0.32 and r 2 = 0.71 ± 0.23 obtained at zero recoil. Note that the predictions of B → D ( * ) form factors are slightly different in the NRSX and NS models (see Table I ) presumably due to the use of different Isgur-Wise functions.
To close this section, all the form factors relevant to the present paper at zero momentum transfer in various models and the pole masses available in the BSW and LF models and in the Yang's sum rules are summarized in Table I .
IV. DETERMINATION OF a 1
In order to extract the effective coefficient
decays, it is necessary to make several assumptions: (i) the W -exchange contribution in 
and hence
We shall see in Sec. V.III and in Fig. 1 does not suffer from the above ambiguities (i) and (iii). First, W -exchange does not contribute to this decay mode. Second, the J/ψK ( * ) channel is a single isospin state.
A. Model-dependent extraction
We will first extract a 1 from the data in a model-dependent manner and then come to an essentially model-independent method for determining the same parameter.
Armed with the form factors evaluated in various models for B → D and B → D * transitions, we are ready to determine the effective coefficient a 1 from the data of B 0 →
s decays [20] . The results are shown in Tables II and III indicate some non-trivial phases which could be due to FSI [19] . At any rate, FSI are expected to be important for the determination of the effective coefficient a 2 (see Sec. V.III), but not for a 1 .
of a 1 is the same as c 1 . In the numerical analysis, we adopt the following parameters, quarkmixing matrix elements: |V cb | = 0.039 ± 0.003, |V ud | = |V cs | = 0.975 ± 0.001; decay constants: Table III is to the other form-factor models.
B. Model-independent or model-insensitive extraction
As first pointed out by Bjorken [22] , the decay rates of class-I modes can be related under the factorization hypothesis to the differential semileptonic decay widths at the appropriate q 2 . More precisely, 5) with the helicity amplitudes H 0 (q 2 ) and H ± (q 2 ) given by 6) where p c is the c.m. momentum.
Since the ratio S ( * )
h is independent of V cb and form factors, its experimental measurement can be utilized to fix a 1 in a model-independent manner, provided that Y ( * ) h is also independent of form-factor models. From Table IV we see that Y * π and in particular Y π are essentially model independent. The BSW model has a larger value for Y Ds and a smaller value for Y * Ds compared to the other models because all the form factors in the former are assumed to have the same monopole q 2 behavior, a hypothesis not in accordance with heavy quark symmetry.
In the heavy quark limit, one has Y Ds ≈ 1.36 and Y * Ds ≈ 0.37 [12] ; the former is quite close to the model calculations (see Table IV ). In short, Y Table V 
where 8) to the CLEO data yields [25] ρ 2 = 0.81 ± 0.14,
From (4.7)-(4.9) we obtain dB( Table   V )
are most reliable and trustworthy. Of course, if the factorization hypothesis is exact, a 1 should be universal and process independent. However, we have to await more precise measurement of the differential distribution in order to improve the values of a 1 and to have a stringent test on factorization.
Once a 1 is extracted from S It should be stressed that the above form-factor extraction is independent of the decay constants is assumed to be the same as that from D ( * ) π(ρ) channels. For example, the assumption of
will lead to an essentially model-independent determination of f Ds . We see from Table V Another equivalent way of fixing f Ds is to consider the ratio of hadronic decay rates [4] is obtained by demanding
, for example. However, it is worth stressing again that the above extraction of f Ds and f D * s suffers from the uncertainty of using the same values of a 1 for different channels [26] . Since the energy released to the DD s state is smaller than that to the Dπ state, a 1 may differ significantly in these two decay modes.
V. DETERMINATION OF a 2 AND a 2 /a 1
In principle, the magnitude of a 2 can be extracted directly from the decays B → J/ψK From Table VII we also see that the extracted value of |a 2 |(B → J/ψK * ) in various models can be approximated by
This implies that the quantity √ H defined in Eq. (2.25) is essentially model-independent, which can be checked explicitly. If the factorization approximation is good, the value of a 2 obtained from J/ψK and J/ψK * states should be close to each other. This is justified because the energy release in B → J/ψK * is similar to that in B → J/ψK and hence the nonfactorizable effects in these two processes should be similar. However, we learn from (m 2 J/ψ ) is close to 1.9 in the aforementioned three models. This is also reflected in the production ratio
Based on the factorization approach, the predictions of R in various form-factor models are shown in Table VIII . The BSW, NS and LCSR models in their present forms are ruled out since they predict a too large production ratio. To get a further insight, we consider a ratio defined by by an additional pole factor. We see from Table VI (0) are the same in both NS and LCSR models (see Table I ) and this explains why they fail to explain the production ratio. By contrast, although Z ≈ 1 in the Yang's sum rules, its F BK 1 (0) is two times as large as A
We thus conclude that the data of B → J/ψK ( * ) together with the factorization hypothesis imply some severe constraints on the B → K ( * ) transition: the form factor F Table VIII . At this point, it is worth emphasizing that the generalized factorization hypothesis is a strong assumption for the B → V V decay mode as its general decay amplitude consists of three independent Lorentz structures, corresponding to S-, P -and D-waves or the form factors A 1 , V and A 2 . A priori, there is no reason to expect that nonfactorizable terms weight in the same way to S-, P -and D-waves. The generalized factorization assumption forces all the nonfactorizable terms to be the same and channel-independent [27] .
Consequently, nonfactorizable effects in the hadronic matrix elements can be lumped into the effective coefficients a i under the generalized factorization approximation. Since the decay B → J/ψK ( * ) is color suppressed and since |c 1 /c 2 | ≫ 1, it is evident from Eq. (1.6) that even a small amount of nonfactorized term χ 2 will have a significant impact on its decay rate. However, it is easily seen that nonfactorizable effects are canceled out in the production ratio, the longitudinal polarization fraction and the P -wave component. Therefore, the predictions of these three quantities are the same in the generalized and naive factorization approaches. Explicitly [28, 27] , 
From Table VIII we see that all the model predictions for Γ L /Γ and |P | 2 are in agreement with experiment 5 except that the longitudinal polarization fraction obtained in the NRSX model is slightly small. Indeed, among the six form-factor models under consideration, the NRSX model has the largest value of x (see Table VI ), x = 1.4 which deviates most from the value of 1.19 , and hence the smallest value of Γ L /Γ. As noted in [32] , some information on the form factors A BK * 1
and V BK * at q 2 = 0 can be inferred from B → K * γ decays.
It is instructive to compare the predictions of the BSW and NRSX models for B → JψK ( * ) since their B → K ( * ) form factors at q 2 = 0 are the same. Because of the dipole behavior of the form factors F 1 , V, A 2 , the NRSX model predicts larger values for x, y, z and hence smaller values for R, Γ L /Γ and a larger |P | 2 (see Table VIII ).
In short, in order to accommodate the data of B → J/ψK ( * ) within the factorization framework, the form-factor models must be constructed in such a way that
(5.8)
In the literature the predicted values of F 
obtained recently by CLEO [35] implies F Bπ 0,1 (0) < ∼ 0.33 or even smaller [36] . Therefore, even after SU(3) breaking is taken into account, it is very unlikely that F [31, 2, 27] . The new CLEO [29] and CDF [30] data for Γ L /Γ are smaller than the previous values. As a result, there exist some form-factor models which can explain all the three quantities R, Γ L /Γ and |P | 2 (see Table VIII ). MeV, respectively (Table IX) . We see that a 2 /a 1 varies significantly from channel to channel and its value is mainly governed by R 1 and R 3 . 6 Combining a 2 /a 1 with Table II for a 1 yields the desired results for a 2 as shown in Table X . It is well known that the sign of a 2 is positive because of the constructive interference in
, which in turn implies that the ratios R 1 , · · · , R 4 are greater than unity.
From the last subsection we learn that the sign of a 2 /a 1 is fixed to be positive due to the constructive interference in the class-III modes B − → D ( * )0 π − (ρ − ), but its magnitude is subject to large errors. It is thus desirable to extract a 2 directly from class-II modes, e.g.
. Although only upper limits on color-suppressed decays are available at present, the lowest upper limit [18] can be utilized to set a stringent bound on a 2 . Neglecting W -exchange and final-state interactions for the moment, we obtain
The limit on a 2 in various form-factor models for F Bπ 0 is shown in Table XI .
We have argued in passing that final-state interactions (FSI) play a minor role in hadronic B decays, especially class-I modes. In order to have a concrete estimate of FSI, we decompose the physical amplitudes into their isospin amplitudes
where we have put in isospin phase shifts and assumed that inelasticity is absent or negligible so that the isospin phase shifts are real and the magnitude of the isospin amplitudes A 1/2 and A 3/2 is not affected by FSI. The isospin amplitudes are related to the factorizable amplitudes given in Eqs. (2.4), (2.8) and (2.11) by setting δ 1/2 = δ 3/2 = 0. Writing
for color-allowed and color-suppressed tree amplitudes, respectively, it is straightforward to show that 12) where
= T , and we have dropped the overall phase e iδ 3/2 . Taking a 1 = 1 and a 2 = 0.25 as an illustration, we plot in Fig. 1 Although the magnitude of a 2 extracted from B → J/ψK ( * ) has small errors compared to that determined from the interference effect in B → Dπ(ρ), its sign remains unknown.
Since a 2 (B → Dπ) is positive in the usual sign convention for a 1 , it is natural to assign the same sign to the J/ψK ( * ) channel. It has been long advocated in [38] that the sign of a 2 (B → J/ψK) predicted by the sum rule analysis is opposite to the above expectation.
However, we believe that a negative sign for a 2 (B → J/ψK) is very unlikely for three main [6] . Though the energy release in B → J/ψK is somewhat smaller than that in the Dπ mode, it still seems very unlikely that χ 2 will change the magnitude and in particular the sign suddenly from the Dπ channel to the J/ψK one. To make our point more transparent, we note that χ 2 has the expression: 13) where the parameters ε 8 and ε 1 are defined in Eq. (1.4). Since c 1 ≫ a 2 , it is evident that χ 2 is dominated by the parameter ε 8 originated from color octet-octet currents; that is, the nonfactorized term χ 2 is governed by soft gluon interactions. 7 Therefore, |χ 2 | should become smaller when the energy released to the final-state particles becomes larger, for example, it also shows that the cancellation persists even in hadronic two-body decays of B mesons [44, 38, 45] . For example, the light-cone QCD sum rule calculation of nonfactorizable effects
yields a negative χ 2 and a 2 , which is in contradiction with experiment.
This means that care must be taken when applying the sum rule analysis to the B decays.
Indeed, there exist some loopholes in the conventional sum rule description of nonleptonic two-body decays (see also the comment made in [41] ), a challenging issue we are now in progress for investigation. errors. However, this extraction suffers from the uncertainty that we do not know how to estimate the violation of the above assumption.
• By requiring that a 2 extracted from J/ψK and J/ψK * channels be similar, as implied by the factorization hypothesis, B → K ( * ) form factors must respect the relation and V BK * can be inferred from the measurements of the fraction of longitudinal polarization and the P -wave component in B → J/ψK * .
For example, the central values of the CLEO data for these two quantities imply
• We have determined the magnitude and the sign of a 2 from class-I and class-III decay 
